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. Statement of Submission

The following progress report and renswal proposal,
*Arctic Haze: A Chemical, Physical, Optical and Meteorological
Study”, is hereby submitted to the Office of Naval Research,
Arctic Program, for consideration as a research grant, Because
of the pressure of time between the field program upon which the
progress report is based (April-May 1976) and the target date for
renewal (1 October 1976), the proposal is being submitted without
final approval or related paperwork from the University of Alaska.
In every other respect, including scientific justification amd
plans for the work, the proposal is complete. The basic budget
of the University of Alaska has already been approved by their
business office, however, the minor changes introduced at the
University of Rhode Island during the final preparation of this
proposal should cause no difficulties whatsoever, All necessary
documents from the University of Alaska will be forwarded to ONR
as soon as possible,

This proposal is not being submitted to any other agency
for financial support,
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Abstract

The original eight-month pilet study of Arctic hase
(persistent diffuse aerosol bands found in the Arctic troposphere)
over Alaska has shown conclusively that aircraft sampling of the
hase aerosol followed by chemical analysis of the particles
collected is a powerful tool feor doduclhg the source of the hase.
The haze aerosol of April-May 1976 seems to have been grystal in
composition, i.e. natural rather than anthropogenic. Very rough
trajectory analysis has suggested that the Asian deserts may have
been the‘lourco of this haze,

We propose here a two-part follow-up study which will
further examine the characteristics and origin of Arctic hate, The
first of these parts, a one-year ground-level sampling program at
Barrow and Fairbanks, will seek to determine the seasonal frequency
of occurrence of tho.Alnakan hase bands by following the chemical
composition of the Alaskan ground-level aerosol. Correlations
between its composition anﬂ its source areas will be sought by
trajectory analysis, The second part of the study (April 1977) is
& follow-up field program in which the aerosol bands themselves
will be intensively sampled both at various heights and as a
function of particle sise, As before, the radiation characteristios
of the hase aerosol will be simultaneously monitored, Use of a
Super DC-3 for the airborne sampling should allow more and longer
samples to be taken at a greater variety of altitudes than was
possible in the pilot study, The aircraft study should yield
eritical information about: the composition of the hase next year
as compared to this year (to confirm its recurrent crustal nature),




the vertical profile of chemical composition through the hase
layers (which may not be the same for large and small particles),
and about their composition as a function of particle sisze (to see
whether the smaller-sised hase-producing component has the same
source as the larger-sized bulk mass of the aerosol), In addition,
a laboratory investigation of the detailed chemical composition

of various soils as a function of particle size, with particular
attention to the 1-10 ym fraction of various soils (our best guess
as to the true precursor of the Alaskan and other crustal aerosols),
will be begun, The composition of "crustal®" aerosol (including
Arctic hase) does not correspond to that of any known crustal i
material; a study of crustal material by particle sise may show %
why, A useful dby-product of this investigation might also be
specific indicator elements or groups of elements from various i

arid regions of the world,
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A, Scientific bukmm:; goals of the study,
and sympary of results -

"Arctic hase” is a general teram for turbid layers of %ﬁ
air which are seen regularly over the Arctic Ocean nerth of Alaska |
during all periods when the wsather there is clear, Arctic hase
was first noticed by weather officers who flew the "Ptarmigan®
weather missions over the Arctic Ocean about 20 years ago (Mitchell,
1956)., Because the clearest periods in the Alaskan Arctic are

during the spring, most reports are from this season, Otherwise,
its seasonal occurrence is unknown, Its observation so far has
been entirely visual, It is found as broad diffuse layers hundreds
to thousands of miles in horiszontal dimension and at nearly all
levels in the troposphere, Although it is invisible from the
ground, horisontal visibility through a haze layer may be restricted
to as little as 3-8 km, Its color is grey-blue in the sntisolar
direction and reddish-brown in the solar direction, It has none
of the optical effects of ice crystals such as sun pillars, halos,
etc., which would seem to rule out thin cirrostratus clouds as the
explanation. Rather, one is more reminded of urban hase. Indeed,
the color effects of Arctic haze suggest that its particles are
1 pm or smaller in radius, i,e, true atmospheric aeresols, Curi-
ously, the haze has seldom been reported over land, e.g. Greenland,
From 1956 until 1972 Arctic hase was a forgotten pheno-
menon, Then in 1972 radiation measurements conducted by the
Geophysical Institute of the University of Alaska in the AIDJEX
pilot study revealed unexpectedly high turbidities in the Arctic
atmosphere, which were again confirmed during the AIDJEX lead

e e — e -
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experiment in 1974 (Holmgren et al., 1974). For these flights
over the pack ice north and northwest of Barrow, Alaska, it was
found that much of the anomalous turbidity was associated with
distinct haze layers at altitudes of only a few kilometers. These
layers had all the properties of the previously reported Arctic
haze and appeared to be the same phenomenon,

In the spring of 1975, Dr. Glenn E, Shaw of the University

of Alaska and Dr, Kenneth A, Rahn of the University of Rhode Island
discussed this phenomenon in some detail and concluded that a
combination of radiation and chemical measurements on the haze
aerosol could prove to be a very powerful tool in investigating
ite origin and composition, with a particular eye toward whether
it was anthropogenic or natural. Joint flights into the hatze
would be made, where ite position would be delineated by radiation
neasurenents and then sampled by a reries of filters and analyzed
for various elements at the University of Rhode Island, using
neutron activation as the principal analytical tool.

The current research contract, entitled "Arctic Haze:
Natural or Pollution?" (ONR Contract No, NOOO14-76-C-0435), is the
outgrowth of these plans, It was funded in February 1976 by the
0ffice of Naval Research to the University of Rhode Island
(Kemneth A, Rahn, Principal Investigator) and to the University of
Alaska (Glenn E, Shaw, Principal Investigator) for a period of
eight months, Its purpose was twofold: (1) to study some of the
chemical, physical, and optical properties of Arctic haze over
Alaska by performing an aircraft-based pilot study, using the

resulting information to attempt to deduce its source or source

i p o—_n £ 52
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type, particularly whether it was natural or anthropogenic; and

(2) to attempt to learn the seasonal frequency of haze events over
Alaska by initiating a year-long study of tiie chemical composition
of the gr-und-level aerosol there, and by comparing this information

with the appropriate meteorological situation to gain some under-
standing of the source areas of the haze aerosol and of its transport
mechanisms into the Alaskan Arctic Basin,

This project has proceeded as planned., A five-week
aircraft sampling program was conducted over the North Slope of
Alaska, using the Naval Arctic Research Laboratory (NARL) as base,
This program included condensation nucleus counts, radiation
measurements, and samples for chemical and physical analysis in
the laboratory. It seems to have been highly successful and will
be discussed in detail below, At the time of this writing, the
equipment for the ground study is being assembled, and the study
itself will begin during September 1976,

The following is a brief summary of the more important
results of the study so far, They will be discussed in detail
in Section IE,

(1) Layers of Arctic haze were definitely seen over Barrow
in April and May 1976, Their clarity and intensity varied from
day to day, but there was little doudbt that the same phenomenon

was being observed as had been reported earlier (Mitchell, 1956;
Holmgren et al,, 1974), The layers were Seen at the same altitudes

as before and had the same overall appearance as in previous years,

(2) A_single, long-period haze event was observed over Barrow,

During the month-long sampling period the concentrations of several
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indicator elements in the haz~ aerosol (Al, Mn, etc.,) increased
smoothly by more than an order of magnitude, then dropped off
suddenly at the end of the period. Rather than varying greatly
from day to day, there was a cycle time of about three weeks for
the haze event to run its course,

(3) The layers were equally detectable by condensation-nucleus

counts (number of particles per cc of air) or by optical techniques
(changes in solar intensity through the layer). There was a
general correspondence between concentrations of individual elements
in the haze layer and its intensity as measured by particle counts
or turbidity, but at least in one instance this correlation failed
completely,

(4) The haze bands were definitely found over the continent.
This finding is something of a departure from the earlier informa-
tion (Mitchell, 1956), which suggested that the bands were found
only over the ice., On one occasion the haze bands were traced by
aircraft all the way to the Brooks Range, and may well have
extended from the other side, because at the time the winds aloft
were southerly,

(5) The haze layers showed a general assocjation with southerly
winds aloft, especially for the periods just before the haze events,
Haze layers also appeared to be associated with dry air masses, the
lower boundary of which decreased in height with time during the
period of the haze event, _

(6) The composition of the haze layers was crustal (i,e,
probably natural), rather than anthropogenic, This conclusion is
based on V/Al and Mn/Al ratios as determined by neutron activation
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analysis, and will be checked later by atomic absorption analysis
for Pb in the same samples, The V/Al ratio is a very sensitive
indicator of pollution contributions to the aerosol, Regions
where fuel oil which is high in V is burned always show a V/Al
ratio which is from 5 to 500 times the crustal value, wheréas
the natural aerosol appears to have V/Al ratios very close to the

crustal value, The V/Al ratio of Arctic haze was right on the

crustal value, which unambiguously eliminated both the northeastern
United States and Europe, which have much higher VéAl ratios, as

sources of the haze aerosol. Based on the very limited meteoro-

logical maps which we have been able to get so far, the air flow
preceding the best haze period seemed to have come from the
southwest aloft, i.e, the Asian mainland, We are therefore

considering the Asian deserts as potential source areas,
(7) The concentration of the crustal aerosol in the haze

layers is quite high for this region, roughly % pg m=3, By

contrast, background levels over Alaska may be 25 times lower,

Sahara dust plumes, monitored far from their source, on the other

hand, have a concentration which is an order of magnitude higher,

B, Field sampling techniques

1, A;rcraft sampling
One of the four Cessna 180's of NARL was dedicated to

this work during April and early May 1976, Figure 1 shows an
outside view of the sampling assembly, The right-hand door was
removed and replaced by one owned by the University of Alaska,

which was specially modified for this experiment, as shown in

Figure 1, The window was removed and replaced by a two-part




Pigure 1, Exterior view of the sampling assembly,
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assembly, the front half of which was a clear plastic portion
of an o0ld DC-3 window, and the rear half of which was an assembdly
of tio PYC piatos sandwiched over the window frames, which held
the plastic window in place and provided exit ports for the three
‘annpling probes, The uppermost and largdr probe was for an acid-
washed 1ll-cm diameter Whatman 41 cellulose high-volume filter; the
lower, smaller prober led to 47-mm diameter Nuclepore and Millipore
filters, The Whatman filter collected haze particles for chemical
analysis, the Nuclepore filter collected particles for Scanning
Electron Microscopy, and the Millipore filter collected particles
for ice-nucleus counts, All filters were mounted inside the air-
craft, Each probe was made isokinetic, so that the sampling process
would not diseriminate against any particular size of the haze
particles, This was accomplished by adjusting the diameters of
the intake orifices in the cone-shaped nozzles at the front of the
probes, Sizes of the orifices depended on the linear velocity
through the filters, which was different for all three filters,
Holes of approximately the right diameters were drilled at the
University of Rhode Island, where the apparatus was constructed,
then were modified at NARL based on exact measurements of the
performance of each system during a test flight there. The air
velocity used to adjust the intake diameter was determined from
& pitot tube inserted between the two lower air probes, as shown
in Figure 1. The aircraft airspeed and altitude were adjusted to
sampling conditions during these tests, so that air velocities
into the probes came within 15 of the subsequent values during
sampling flights,
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Inside the aircraft (Figure 2) the filtere were¢ mounted in
holders which could be quickly attached to or removed frcm the ends
of the PVC probe tubes, Flexible tubing connected each filter
holder to its pump, Manometers and flow meters monitored flow rates
through the filters, An inverter and lead-acid batteries powered
the Hurricane high-volume pump, The two smaller pumps for the
Nuclepore and Millipore filters were powered directly from the
aircraft's electrical and vacuum systems, Pump exhaust was fed out
of the door; this also provided an extra vacuum which increased the
flow rate through the Whatman filter, a very important consideration
in aircraft sampling where sample volumes tend to be very small,

Contamination of the aircraft samples was considered to
be a very serious potential problem, and strict measures were
taken to avoid it, There were in general two possible sources of
contizinations engine exhaust being entrained into the probe
outside, and cabin air reaching the filters inside, To eliminate
leakage from the engine to the outside, all cowling and forward
cabin joints were sealed with the blue tapes which can be seen in
Figure 1, An independent test of nucleus counts at various
distances along the strut confirmed that no engine exhaust was
reaching the filters, Inside contamination was minimized by keeping
the filte;s off the system and sealed until the altitude of the
haze layer had been determined for that flight and sampling was
ready to begin; they were then quickly opened and immediately
attached to the probes, At the conclusion of sampling the process
was reversed, Loading of Whatman and Nuclepore filters into and




Figure 2, Interior view of the sampling assembly,

B
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out of their holders for sampling was always done on fhs g&round in
& laboratory. Because of the small volumes used for the Millipore
filters, they had to be changed in flight,

There was no evidence of contamination in any of the
samples, On the initial flights, before the haze layers intruded
over Barrow, the measured elemental concentrations were extremely
low - some of the lowest that have ever been measured in the
Northern Hemisphere. We interpret this as confirmation of lack
of contamination. There is still a more sensitive test for con-
tamination by cabin air, A sample of cabin air showed it heavily
loaded with Cu, probably from the high-volume pump, None of the
filter samples showed measurable Cu - thus, there was no contamina-
tion from cabin air,

Condensation-nucleus counts, which were used to deteramine
the height of the haze layer for each day's sampling, were taken
by drawing air in through a small plastic tube which extended out
through the window and terminated between the intake nozsles of
the Nuclepore and Millipore filters, This final arrangement iﬁ'
not visible in Pigure 1,

The above description applies only to the samples taken
for analysis at the University of Rhode Island, The radiation
mneasurements taken by the University of Alaska were considerably
simpler and required only a hand-held sun photometer, This device
was pointed directly at the sun's disk through a 2-inch hole cut
into the clear plastic part of the window of the modified Cessna
door. This hole is not shown in Pigures 1 or 2, Wwhen the sun
photometer was not in use the hole was taped over so that no cabin

air could escape outside,
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2, Ground-level sampling

The ground-level sampling phase of this contract will
begin in September 1976, It is foreseen as follows: The station
will consist of a specially-designed wooden shelter containing a
standard 8 x 10-inch filter holder, a 47-mm filter holder, and two
infrared heat lamps, The 8 x 10-inch filter holder will contain an
acid-washed ultra-pure Whatman 41 cellulose filter through which

large volumes of air will be drawn by a high-volume vacuum pump,
The 47-mm filter holder will contain a glasc-fibof filter through
which lower air volumes will pass, The cellulose filter will be
analyzed for 35-45 elements by neutron activation and atomic
absorption analysis, possibly also for sulfate, nitrate, ammonium, i
and phosphate ions by colorimetric techniques, The large volumes
of air sampled by these filters should allow very accurate analyses
for large numbers of constituents of the aerosol., The glass-fiber
filter will be weighed to determine total suspended particulate,

a very simple quantity to measure but one which has curiously been

N | b s A S St i Wi ¢ 3

absent from many remote-area experiments, Knowledge of the total

concentration of aerosol will allow us to see what fraction of its

L A

mass we are accounting for with our various analyses, and in
particular to check whether any major components are missing. The
glass-fiber filter will also be analysed for total carbdbon, either
by one of us at U,R,I, or by Dr, Eva Hoffman of U,R.I,'s Graduate
School of Oceanography. This should be a very important analysis
because the sooty forms of carbon may be very important in deter-
mining the effects of the aerosol on the radiation balance of the
Arctic, The combined information from the two filters should give

us an excellent chemical characterization of the ground-level aerosol,
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The addition of the glass-fiber filter to our ground-level
sampling scheme is & modification to our original plan, which was
simply to have the Whatman alone, We feel that the extra information
gained in this way will be more than worth the slight extra effort

involved,

The purpose of the heat lamps is to eliminate buildup of
ice on the filter during sampling. This ice can seriously disturd
the collection and analysis of the filters, Our idea is to shine
the heat lamps continually on the filters during sampling, thus
raising the surface temperatures enough to sublime any fine snow
crystals which reach the filter and at the same time to lower the
relative humidity enough that ice cannot form. Experiments in our
laboratory at U,R.I. have shown that a single heat lamp can raise
the temperature of a filter by 30-35°C. which should warm the
filters enough to keep them clear of ice and snow but keep them
cool enough to retain all volatile oonstituonta'of the aerosol,
such as Hg, As, Se, etc,, which are among the most interesting
elements that can be studied in the hate layers, It must be
stressed, however, that the heat lamp technique is new and has not
yet been field-tested,

The two pumps will be housed in an insulated box to

protect thon from the weather and keep them warm, While the pumpe
are running they will probably give off enough heat to keep them- :
selves adequately warm, but during the periods when the wind is T
out of the sampling sector they will be stopped and need some

external source of heat, Wwe wlll, therefore, place two heat lamps

in the pump box, to operate only when the pumps are off, This \'
should allow easy startup when the wind shifts into the clean sector,
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Some sort of wind control over the sampling may be
necessary to prevent local pollution aerosol from contaminating
the samples, We will be using an electronic wind speed and
diroctionﬁl control system developed at U,R.I. for this purpose,
It uses an anemometer and wind vane to feed it slectronic signals
about wind speed and direction, respectively. The pumps will
only run when the wind comes from a preset clean sector and when
the wind velocity is above some preset minimum velocity. In this
way we hope to keep the samples completely free of local influence,
including that of our own pumps, Heat lamps will probably have
to be used on the anemometer as well to keep it from freezing up
in the winter,

Our original plan was to have the samples changed roughly
weekly, depending on the local weather conditions and overall
synoptic situation, Now that we think the haze bands are coming
from Asia, we would like to install a facsimile machine at U.R.I,
to keep constant track of the airflow over Alaska and the Pacific
Ocean, so that changing of the filters can be controlled from
U.R.I. (see Proposal Section). By starting a sample just when
we think a hate layer should reach Alaska and stopping it just
when we think the air should be clearing there, we should be able
to maximize our chances of detecting this aerosol at ground level,

c. ical te ues
At the time of this writing, the only chemical analysis
which we have been able to perform on the filter samples from the

haze layers is neutron activation of short-lived elements, For

this we have made a special modification of our previous schemes,
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In the original proposal it was noted that (1) because of the
expected small size of the aircraft filter samples neutron activa-
tion of short-lived elements would probably yield bdetter data than
that of longer-lived elements because of the more rapid decay of
the short-lived elements; (2) fortunately, the'two most interesting
elements determined by neutron activation are just those with the
shortest half lives, namely V (3.75 min) and Al (2,24 min); and
(3) nevertheless, all elements are potentially interesting and no
determinable element should be neglected, We have followed these

precepts in developing an analytical scheme for the short-lived
elements which (1) maximizes the accuracy of determination of V
and Al by beginning the first count two minutes after irradiation
instead of the more normal 3-6 minutes after irradiation, and

(2) takes two counts after irradiation instead of the more normal

one count, thereby bdetter detecting those elements with somewhat K
loﬁgtr half-lives, Our final scheme is shown in Figure 3; it has
worked extremely well, Further details of the analysis will be
supplied in the final report.
Because we found larger elenmental concentrations in the
haze layers than expected, we have decided to go ahead with the
long irradiations of the samples and are anticipating good results,
We will take one-fourth of each filter for atomic absorp-
tion analysis of Pb and Cd, which we hope to complete by 30 September
1976,




— e - - F— e —

15

Irradiation § lin'
Thermal flux 4 x 10
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Decay 2 min
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n om sec

Count 400 sec clock time
Detect Al, V, Cu, Mg, Ti
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¥

Decay 15 min
Count 1000 sec clock time
Detect Ba, ¥n, I, Br, Cl, Na
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Pigure 3, Irradiation and counting scheme for short-lived
nuclides in hasze layer s o8,

’All.irradiations and countings at the Rhode Island Nuclear
Science Center, Narragansett, Rhode Island
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D, Aircraft sampling program of April-May 1976

The aircraft-sampling phase of this project was successfully

carried out in April and May of 1976 at NARL, Barrow, Alaska, This
period of the year was chosen because it offers the highest pro-
bability of clear weather at Barrow; this was also the period when
haze layers had been seen in 1972 and 1974, Mr, Randy Borys of
U.R.I. had overall responsibility for this field program; he was
joined during part of the time by Miss Sue Ann Boling and

Dr, Glenn Shaw of the University of Alaska,

One of NARL's four Cessna 180's was dedicated to this
project, During the period 12 April to 10 May 1976, fourteen
sampling flights and one test flight were made, for s total of
65 hours in the air, Collection altitudes of the haze samples
ranged from 4,000 to 11,000 feet, with an average altitude of 7,000
feet, There were nine high-volume cellulose samples collected,
with volumes of 90 to 310 m°, nine SEM samples with volumes of
6 to 20 n3. and 55 ice-nucleus samples with volumes of 1 mj. The
individual flights and some comments about each are listed in
Table 1, On four of these flights optical measurements were also
made; these flights are indicated in Table 1, (Our initial concern
of very low aerosol concentrations and relatively ihort sampling
flights prompted us to sample two consecutive flights on a slnglo
W4l high-volume filter and a single Nuclepore filter, This was
only done when meteorological conditions indicated that there was
no great change in the air mass over Barrow, Therefore, some
samples are labelled with two consecutive flight letters, e.g.
Sample AB,)




Fiight
A

Date
k/r2/76

k/13/76

bk/1k/76

k/15/76

k/17/76

4/19/76
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TABLE 1

The Individual Flights

Local
Tinme

1317-1744

1005-1435

0930-1425

0945-1430

1058-1510

1035~-1500

Sample
Altitude

(£+,)

11,000

11,000

6,4 500

4,000

7,000

7,000

Photometer
No

No

No

No

Yeos

Yes

Remarks

Low clouds, fog,
light snow at
surface, No
visible haze,
Clear conditions,

Fog at surface,
4000* overcast,
18,000* thin
cirrus overcast,
Good visibility

at sample altitude,
No visible haze,

Atmosphere
appeared layered,
however, good
visibility with
scattered clouds
at 3000°,

CN counter failed.
Used visual obser-
vations to choose
altitude, Definite
banding seen in
atmosphere, chose
most defined layer
for sampling,

First flight with
photometer measure-
nents, Correlation
between photometer
and CN measurements
appears good, A
dark band was
visible at sample
altitude,

No distinct visible
banding, CN and
photometer gave no
indication of sig-
nificant changes in
aerosol concentration
with height,

: ey -y - o me

s 1
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Flight
G

Date

k/21 /76

b/22/76

k/28/76

k/29/76

k/30/76

5/1/76

5/3/76

TABLE 1 (Continued)

Local
Time

0955-1335
1330-1430

1415-1820

10501450

11 05-1600

1030-1300

1110-1430
1520-1605

18-

Sanple
Altitude

(ft,l Photometer

9,700

6,000

7,700

6,800

6,600

8 (] 300-
9,300

No

No

No

No

Yes

Remarks

Atmosphere warming
aloft. Generally
southerly flow.
Banding visible,

Flight was terminated
due to deteriorating
weather one hour
after take-off,

High CN concentrations
and deep layer of
elevated CN concentra-
tion, Pirst time a
color has appeared in
haze band (light
yellow),

Eggh CN concentrations
overall hazy con-
ditionz. do definite
dark banding, Some
layering apparent.

A band was visible
but not as distinct
as J flight, CN
concentrations showed
a distinct layer.

Very definite visible
hagze layer, reddish
in color, generally
seen from Brooks
Range to Barrow, Most
distinct banding seen,

A well-mixed atmos-
phere, No distinct
banding. Photometer
showed no measurable
layering. CN concen-
trations indicated
slight increase at
9000°,
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1 (Continued

Sample
Local  Altitude
FPlight Date Time grt,z Photometer
N 5/5/76 1155-1530 6,000 Yes

Remarks

Sample represents a
deep layer 6000°
thick. Most sampling
representative of
6000°, Multi-wave-
length photometer
data was collected,
No visible haze, very
clear conditions, low
CN concentrations,

|
|
|
|

e
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During a typlcal fiight a particle count was made every
30 seconds or so as the aircraft climbed from the ground to about
10,000 feet, its nominal ceiling, From this record it was deduced
whether there was a haze layer that day and what its altitude was,
If there was a layer and the particle counts agreed with visual
observations as to its height, the sample was taken at this altitude
for as long as the aircraft could remain aloft, usually about 3% to
4 hours more, If the flight had radiation measurements too, these
were compared with the particle counts before the collection altitude
was chosen, In general, the agreement between the two types of data
was very good., When there was no detectable haze layer, the rample
was taken at the altitude of greatest particle concentration.

E, Results and conclusions
Distinct Arctic haze layers were observed during April

and May, with characteristics identical to those reported by previous
observers, These layers could be easily seen and photographed, as
documented by Figure 4, which shows solar horizons during typical
non-haze and haze conditions. In the lower photo of this figure,

the haze band is clearly visible, with its brownish color and diffuse
outlines,

Because this report had to be prepared so soon after the
fact, it was not possible to include all the data generated to date,
Rather, we have chosen to present only a selection of the results,
which should be sufficient to illustrate the type of data obtained
and support the conclusions drawn so far, For example, consider
Pigure 5, which shows profiles of particle count, temperature, dew-
point, and wind velocity for four consecutive flights, Temperature,

dewpoint and wind velocity were obtained from soundings taken at the




Figure 4, Solar horizons during non-haze (upper) and haze
(lower) conditions,
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U, S. Weather Service 0Office in Barrow at 1400 local time, These
observations always fell within the period of each sample flight,
This particular series was chosen because it illustrates the
association of the hazre layer with a particular type of air mass,
the development of the layer with time, and ultimately its

disappearance,
' In flight J, 29 April 1976, a well-defined haze layer was

seen between 6500 and 8500 ft elevation, There was also some
evidence of another, possibly stronger layer above 10,000 feet,
where the highest particle counts were observed, Unfortunately,
it was not possible to follow this layer any higher because of the
ceiling of the aircraft, Winds aloft were southwesterly, The
following day, flight K revealed that the haze layer was somewhat
lower and broader, but with approximately the same nucleus count of
nearly 400 particles per cc, Note that the lower boundary of a
layer of dry air aloft, which could be seen above 10,000 feet in
flight J, was also descending, Winds aloft were westerly to south-
westerly, By flight L the next day, both the entire dry layer and
the haze layer had descended still further and intensified, The
haze layer had a much sharper peak than before, between 500 and 600
particles per cc, Winds aloft were then easterly, By flight M two
days later, the haze layer had completely disappeared, and the dry
air nass was still lower, Winds aloft were easterly to southeasterly,
Plight M was the only one of this series that was acoompanied by
radiation measurements, and these confirmed the absence of a hate
layer,

Prom this series we may note that the hate layers apparently ‘

‘ do not come and go on a day-to-day basis; rather, once they have
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penetrated the Alaskan Arctic Basin they seem to be quite stable,
even under shifts of wind direction, Perhaps this follows fros
their large horitontal dimension, commonly reported at hundreds to
thousands of miles, A cloud of such dimensions can blow one way
and then the next for some time and still remain overhead, After
some days though, a changed circulation can remove the hase from the
area and clean conditions are once again attained,

We may also note that the hase seemns to be associated with
winds from a broad southerly sector. Temporary easterly or westerly
winds seem not to affect the hase bands greatly, Northerly winds,
however, rarely or never bring hate, Light winds seem to favor the
maintenance of the layer's integrity and high winds seem to break
it up, as for example on flight M,

Selected elemental concentrations and asrosol-crust
enrichment factors are shown in Table 2 for the nine high-volume
filter samples., Several observations can be made from this table,
First, note the extreme variation in Al concentrations, from a low
of 10 ng ad in flight AB, one of the lowest concentrations ever
measured in the Northern Hemisphere, to a high of 240 ng m~J in
flights IJ and M, a value which we consider to be unusually high
for this region, especially aloft, All concentrations of this tabdle
are expressed for volumes of air as measured aleft) tor_corroctioﬁ

to ground-level, one must divide volumes by 1,30 (for averags
altitude of collection of 7000 f£t.) or multiply concentrations by
1,30, This makes the maximum Al concentration 310 ng -‘3. a typical
value for ground aerosols of mid-latitude rural areas, It is
definitely above the summer Al concentration of 66 ng 2 neasured
in the remote Northwest Territories of Canada (Rahn, 1971).

|
;
|
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TABLE 2

Elemental Concentrations and Enrichment Pactors
for Aire Filter Samples

i:-*_!?l. 815510 s:;plo s?lo Sa.gplo
Concentration, ng »~> (ambient)
Al 10,0%0.9 17.0%1.0 3st2 ut2 9115
v 0,035%0,006 0,148%0,010 0,126%0.012 0,094%0,010 0,22%0,02
Mn  0,146%0,012 0.36%0,02 0.59%0,04 0,58%t0,03 1.55%0,08
Na 12%10 3211 < 30 21%16 4727
Ba 0.8%0.3 0.8%0, 4 < 1.5 <1 3.3%1,2
Sujalo Sample Sanmple Sample
_1J KL M N
Concentration, ng a3 (ambient)
Al 240%10 203*10 240110 1k, 74,7
v 0.40%0,03 0,37%0.02 0.40%0,04  0,0192%0,0100
Mn 3.0%0.2 3.1%0,2 3.4%0,2 0,21%0,02
Na 58115 37811 37130 <20
Ba b,1%0,4 3.9%0.4 3.8%1,0 <1
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- ————————

2 tinyed
Snzglo s‘ggi.o s—a_?jo : s?lo S:E);le
Enrichment factor (Al, rock)
Al 1.0 1.0 1,0 1,0 1.0
v 2,1 5.2 2,2 1,66 1.46
Mn 1.25 1,81 1,44 1,46 1.46
Na 3.4 5.4 <2,5 1.77 1.48
Ba 16 9 <8 <6 6.9 3
Vglune, 249 5151 149 176 110 ;
| . 2
| i Altitude 11,000 6,500 7,000 7,000 9,700
% (zt.) 4,000
3 Z
v j Sample Sample Sample Sample 3
X _1J KL M N |
| Enrichment factor (Al, rock) '
| Al 1.0 1.0 1.0 1.0 f
v 1.00 1.10 1.00 0.79
Mn | 1.07 1.31 1,21 1,22
Na 0.69 0,52 o4 = <4k
| Ba 3.3 3.7 3.0 <13
| . Volune, 309 365 88,7 108
k. n. i
| Altitude 6,000 6,800 8,300~ 6,000

(rt.) 7700 6,600 9,300
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One may also note that the Al concentrations (and those
of the other elements as well) do not vary randonly from day to
days rather, the changes are quite regular, gradual, and seem to
pass through a well-defined cycle of roughly 3-4 weeks in length,

In the samples reported here, which only represent one cycle and
so cannot a_priori be considered typical until more evidence is in,
the lowest Al concentrations of 10 ng n~> are found in sample AB,
They then increase nearly monotonically to 17 in CD, 35 in E and
F, 91 in G, and finally reaching a high of 200-240 in IJ, KL, and
M. Then follows a sudden drop back down to 15 ng n~2 in N, which
is near the values for AB, The cycle is then presumably ready to
start again, PFrom AB to N is a period of 23 days,

This relatively long period was a bit surprising to
us, but is not in contradiction with previous data. Holmgren et al,
(1974) and Shaw (1975) mention periods of peak turbidity of a few
days in length followed by longer, less turbid periods, Rahn (1976)
has measured periods of unusually high aerosol concentrations in

northern Norway (latitude ?0°N. about the same as Barrow) which

lasted from less than one week to nearly one month, The highest
Al concentrations over Barrow lasted six days,

This relatively long-lasting maximum of constant composi-.
tion will allow us in the future to take fewer but larger samples

of the haze layers, which will be most helpful for our particle-sige
sampling with a cascade impactor.

The other four elements of Table 2 varied in approximately
the same fashion as did Al, In other words, the composition of the

aerosol over the flights had a certain tendency toward constancy,
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This can be best seen from the lower part of Table 2, where the
aerosol-crust enrichment factorsfor the elements are listed, The
~aerosol-crust enrichment factor is defined by
EP(AL,rock) = (X/Al)aerosol/(x/Al)rock |

where X/Al refers to ths ratio of concentrations of element X and
Al in the crust (here taken as average crustal rock) and in aerosol,
The other elements had enrichment factors which were not too far
from unity during these samples, but which did show some interesting
and significant trends over the concentration cycle.

For example, consider V, our best indicator of pollution,
In the first few, low-concentration samples, its enrichment factor
is definitely above unity, reaching a maximum of 5.2 in sample CD,
This means that the background aerosol over Barrow has a non-crustal,
possibly poliutlon. source for V, at least duringlthis season, But
note how the V enrichment factor smoothly decreases to unity as the
concentration of Al increases, By sample F, when Al has only
increased to 34 ng m'3. the V enrichment factor has started downward
to 1,66 versus about2-5 of samples A-E, At samples IJ it reaches
1.0 and stays there for the duration of the sampling., The other
elements show similar but less pronounced trends, The enrichment
factor of Mn, for example, has its high value also in CD (1,81), then
decreases to about 1.2 in the high Al samples I-M, Na has initial
enrichment factors of 3-5, then decreases to 0.4 to 0.7, Pinally, Ba
has enrichment factors of 9 and 16 in the first two samples which
decrease to 3.0 to 3.7 in the high Al samples,

Taken together, the trends of these enrichment factors

clearly indicate that the Alaskan haze aerosol is crustal in composi-
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tion, not pollution, The gamma-ray spectra from the short irradia-
tions of the best haze samples looked identical to those of the
Sahara aerosol with which one of us (K. Rahn) just finished working
with for eight months in Maing, West Germany, This is a very
important result, which we will try to confirm by analyszing for Pb
in these samples by atomic absorption. To be sure, this conclusion
is not ironclad,for there are indeed areas, such as Los Angeles, where
the V enrichment factor is unity because only small smounts of fuel
oil (which is also low in vanadium) are burned, but what is certain
from these results is that neither the northeastern United States
nor Europe, areas of high atmospheric V (from combustion of V-rich
fuel oil) could have been the source of this haze aerosol. They
might have been the source of the background aerosol observed in the
first samples, but they could not have been the source of the haze
aerosol., The northeastern United States and Europe have year-round
V enrichment factors between 5 and 500, not the values of unity
observed here,

What about the Los Angeles area with its lower enrichment
factors for V? Could this have been the source of the haze aerosol?
The Pb analyses will settle this question, but we doubt that the
haze serosol could have come from this area, Meteorological maps
for the end of April, the period immediately preceding the haze
episode at Barrow, show the Los Angeles aerosol passing to the west
over the continental U, S, In order to reach Barrow, Los Angeles
aerosol would have to be carried by the Northeast Tradewind system
out into the middle of the Pacific Ocean, then curve to the north
to make the long trajectory to northern Ala:-a, which we consider to
be unlikely,




wWhat seems much more logical, however, is that the Asian

deserts may be the source of this crustal aerosol, There are many
factors which lend credence to this idea, PFirst, springtime (when
these haze layers were observed) is just the period most favored

for large-scale dust storms in deserts, because of the ideal combina-

tion of deep convection caused by intense solar heating at the

surface and strong winds both at the surface and aloft caused by |
intense latitudinal temperature gradients, In the summer the surface t

; heating is stronger, but the latitudinal temperature gradients are ?

weaker, so that dust storms are less frequent and their dust clouds

do not travel as far-as in the spring. Second, the composition

of this aerosol is virtually identical to the Sahara aerosol (Rahn

et al,, 1976), Third, the hate aeroscl seems to be associated with

very dry layers aloft, which at least during this episode gradually

descended, A dry air mass like this is compatible with a desert

séurce. Jackson et al, (1973) discuss possible long-range transport

of air masses from Japan to Europe. They cite the case of a storm

developing off the coast of Japan, which creates a strong jet stream

oriented toward the Gulf of Alaska., Ailr entering this circulation

ascends and flows northward to Alaska, where it is deflected southward

and begins to descend, This then would be the perfect mechanism for
transporting Asian desert dust to Alaska; the high-level momentum is

[P RE

present because of the spring season and the storm, the direction of
transport and altitude is right, and the descending pattern over
Alaska is right, Indeed, just before the dust haze layers reached
Barrow, the flow aloft was strongly southerly-southwesterly, The

fourth factor in favor of an Asian origin of the hate is distance,
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The Asian deserts (Takla Makan and Gobi) are quite far north, lying
mostly between 40° and 50° north latitude, The great-circle
distance from the midpoint of these deserts to Barrow (6000 km)
is actually shorter than from southern Algeria (the source of most
ma jor Siharn dust storms) to Barbados (7200 km), a well-documented
transport path for desert dust,

In summary, then, the time of year, composition, altitude,
air flow, and distance are right for the Alaskan haze aergsol to
have had an Asian desert source., This is thus our,gg;;igg_g&nggnggil.
Unfortunately, little information is immediately available about the

intensity or frequency of dust storms in these deserts; we are
actively seeking such information, (see inserted pages 3la, b)

The following is a description of typical information
obtained from the radiation measurements conducted by the University
of Alaska on these flights, The data in this case is for flight M,
May 3, 1976, from 11115 ADT to 16322 ADT, In the vicinity of Barrow
skies were clear, winds easterly at 20 knots or so with gusts, No
cirrus were séen. but there was a thin, whitish haze, possibly a thin
haze layer at about 8,300 feet,

The aerosol optical depth was determined at ground level
with a Mark III sun photometer and in the aircraft with the specially
designed airborne sun photometer, The optical depth is expressed as

7, B A"
where /l is in ym, and «~ and p are the Angstrom turbidity and turbidity
wavelength coefficients, respectively, with values of £ =0,102
0,005 and of =0,21 4 0,15 at the 90% confidence level, Note that 7’

is to the base e, 1,6, 7‘(slmt aerosol) = exp(-m 72). where m =cos 2,
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Trajectory Analysis
(Note added in proof)

In the hope of being able to include some form of trajectory
#nalysis in the Progress Report-Renewal Proposal, a request was
made to the National Climatic Center to rush us the pertinent
upper air charts for the month of April 1976, We were very
fortunate to receive the charts in time to include here a rough
preliminary analysis of the air mass history for the single most
interesting period of the aircraft sampling work, flights K and L,

The following assumptions were made for the analysis:

(1) The 700-mb level was chosen for this initial look at the

air mass history since it is found at about the 3 km, or 10,000 ft,
level, This is about the level at which the sample was collected
and should be representative of a rather deep layer centered at
700 mb, (2) Since wind speeds were not reported at the 700 mb
level, a mean wind speed of 30 knots was assumed, This is
reasonable because typical contour spacing required for this wind
speed at 700 mb and at latitudes around 40°N were encountered
during most of the trajectory. (3) A 12-hr, time step was used
during the construction of the trajectory because charts were
available for 0Z and 12Z only. Given this time interval and the
assumed wind speed, a linear step of 6° latitude was used between
each point plotted, This distance was taken directly from the
chart because the length of one degree of latitude varies with
latitude on a polar stereographic projection, (4) wind direction

was assumed to parallel the contour lines,
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The results of this preliminary trajectory were quite
interesting and supportive of our initial belief of an Asian
origin for the air mass, The trajectory starting 9 days prior to
ite passing over Barrow is essentially as follows: At day -9
(nine days before reaching Barrow) the position was 41°N 86°E,
or located within the arid regions around the Takla Makan Desert,
At this time it was associated with a high pressure center and
under the influence of flow from the north, The surface chart
for this period shows two surface stations approximately 2000 km
upwind of the trajectory location reporting blowing sand and/or
dust, The airmass moved south and then east until by day -5 it
was located at 32°N 140°E, or approximately 350 km south of
Tokyo, Japan, From there it proceeded in a NE direction to Barrow
by April 30,

All of the upper level charts support this trajectory,
including the 300 mb level, Just prior to the haze event of
flights K and L, there was meridional transport from approximately

50°N to Barrow at all levels, It should be emphasized that this
is a very simple first look at transport to the Arctic, Wwe plan
to look at the history of each sample collected at various levels

to determine how varied the source regions were during our sampling

in April and May,
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and z = solar senith angle, Pigure 6 is a plot of 1n 7:’vorlus
in 4, and shows individual measurements and their error bars.
The total precipitable water in a vertical column has
been derived from optical transmission measurements in the ﬂ r”
band at A = 0,95 pm, The value for flight M was 9.3 % 0,4 mm,
The total vertical optical depth above height h has been
derived from the airborne sun photometer for three different
elevations, according to the .f.omuh
Ta (A a) s § pal(hh) b
where !?[V,JL) is the aerosol volume extinction (absorption plus

scattering) coefficient, The results are shown in Table 3, Prom
the plot of this data (Figure 7), an average tropospheric scale
height of 10,1 km may be derived (i.e.Pzp, ‘-A(A- Yie. ).

This value is large; surface-generated aerosol usually falls off
with a scale height of about 1.5 km,

By taking a tropopause height of 11,0 km and extrapolating

through the troposphere, we deduce that 66% of the aerosol mass is :

in the troposphere, leaving about 344 which must be stratospheric

aerosol, i.,e, 0,34 7: = 0,34 x 0,103 = 0,035 = Tstrat at A = 677 m,

All these values found are high - these numbers could be

easily obtained at a moderately polluted low latitude location,
Remember that the vertical profile of turbidity has been smoothed -
it does not show the low haze layer of thickness about 500 ft,, nor
does it show the elevated layer at 8,300 ft, which was barely
detectable by both the sun photometer and the nucleus counter,

It is possidble to derive some physical characteristics for
the Barrow aerosol of 3 May 1976 based on the measurements on that
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TABIE 3
Aerosol Optiéal Depth (ﬁ) as a Punction of Elevation
- Barrow, J May 1976

Elevation, km 72 (677 nm)
0.15 0,104
0,090 11,16 to 11,50 AD?
o' o [
7 Z¢ % 90°-32%=58°
2,88 0,075
0.15 0.103
4s 0.097 15.25 to 15.40 ADY
0. .
2, = 90°-31%=59°
2,12 ' 0,084 .
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day. Assuming an index of refraction of m = 1,54 + 10,00 (repre-
sentative of silicates and sulfates), and using
-An
ANGn = Coudl A* 2
as a siszse distribution function we may derive:
Tpax * 0.12'2 0,014 pm

= total columnar nnss loading = 17,4 * 2,0 mg a~2 .
(for f’-lgcr)

No = columnar number density = 3.4 ‘,'_'1: g-x 107 particles cm”

r( r," ) = 0,34 ym = the radius above and below which half the
total aerosol mass is found,

2

For comparison, for the South Pole in December 1974
| Tpax = 0.04 2 0,014 pm

N =2.3%3:3 ngw?

N, =11.4 :g:; x 107 particles cm”

2

Notice that | ' Barrow / I South Pole = 7,5, i,e, the columnar

aerosol loading at Ba.rroi is about eight times larger than at the

South Pole and that the particles are much larger at Barrow,
Finally, the aerosol mass concentration near the surface

can be estimated by

-2
7 -/E;— -%’Z’%-l.?p8m’3
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A very strange phenomenon may be noted from Figure 5 and
Table 2, PFor flight M, after the ﬁazo layer had all but disappeared
as measured by both the sun photometer and the condensation-nucleus
counter, the elemental concentrations of Al, V, Mn, etc. remained

very high, in fact, even increased over their values in flight KIL.
This was a great surprise to us, for up to that time we had auto-
matically assumed that the elements were intimately coupled with
the haze layers, But it is clearly not npcccsarily 8o, at least
for the elements we measured here, What can the explanation be for
this strange occurrence? Pirst of all, it reminds us that we are
really measuring three different size ranges of the aerosol in this
experiment, The condensation-nucleus counter counts total number
of particles, which are essentially all in the Aitken particle
range (radius < 0,1 ym), The sun photometer measures the aerosols
which interact with visible light, which are found in the large
particle range (radius 0.1 to 1 pm), Finally, the crustal particles
which apparently make up the bulk of the mass in the haze layer
should be found in the giant particle range (radius J1 pm),

These giant particles have significantly greater fall speeds than
do the large or Aitken particles, and so have the possiblility of
being more evenly - istributed through the troposphere than the
smaller particles, which tend much more to remain with their original
layer, And this is apparently just what happens here - the large
and Aitken particles follow each other approximately in their
vertical profiles, as evidenced by the similarity of the optical

and CNC profiles, but at least on some occasions the giant particles
are quite differently distributed. Therefore, the implicit assumption
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which we held that our filter measurements are representative only
of the haze layers is not so, We do not know (1) anything about
the vertical distribution of the crustal component of the Barrow
atmosphere, or (2) whether the large particle component of the
crustal particles is really the hate-producing agent, The way is
left open for sonoventiroly different source to be creating the
large particles which are for some reason found together with the
giant crustal particles ind produce the haze, We do not consjider
this very probable, but it is possible, PFor all we know, the
concentration of the crustal particles outside the hasze layers is
every bit as large as it is inside them - their numbers Aro so small
that they are completely masked by the Aitken counts, Furthermore,
we now see that our filter measurements to date nu& have told us
very little about the actual haze-producing agent, and that future
measurements must segregate out this lirgo-particlc component which
actually produces the haze and carefully determine whether it has
the same source as the rest of the haze mass,

It is now very clear that (a) the Alaskan aerosol is very
complicated, and (b) that two types of new measurements are
necessary in the second stage of our airborne measurements: (1)
vertical profiles of the crustal elements, and (2) particle-sisze
information from within and possibly also from outside the haze
layers, In short, the crustal aeros.l may be the dominant one by
mass in the haze layers, but it may not cause the associated optical
effects,

We close this section with a word about volocanoes as a

possible source for the haze aerosol, This was considered in the
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original proposal and has assumed new relevance here with the
eruption of Mt. Augustine in southern Alaska in January 1976.
Portunately, one of us (R, Borys) was on the NCAR Electra as it
sampled this plume about a week after the eruption, Elemental
concentrations and enrichment factors determined from a single filter
sample in the middle of the plume are listed in Table 4, where it
can be seen that five out of the six elements listed (except Cu)
were present in nearly orustal proportions. Vanadium seems a bit
enriched, but this may not be significant, and surely could not
be used to claim that the Arctic haze could not be volcanic, The
important featurs of this table is the relatively low concentration

of Al compared to Arctic hase, the volcano-plume concentrations being

only about four times higher than the haze concentrations, We feel
quite strongly that if the volcano plume were advected to Barrow,

it would be diluted by much more than a factor of 4, probably more
1ike a factor of 100-1000 or more, Furthermore, the haze episode

at Barrow came two months after this volcano sample was taken, and
no major eruptions occurred during our period of sampling in Barrow.
Also, it is very hard to imagine a single point-source volcano
producing the broad haze bands as seen over Alaska, which may extend
horizontally over 1000 miles or more, And lastly, the volcano source
height was about 3,900 feet, much lower than the 10,000 feet or

more often observed for the Alaskan haze layers, These argunents,

put together, suggest to use that Mt, Augustine could not have been

much of a contributor to the haze layers during April and May of
1976.
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TABLE &4

Elemental Concentrations and Enrichment Pactors
in the Mt, Augustine Plume

(R, Borys, 1976)
Concentrgtion Enrichment Pactor

Element ng m~ (Al, rock) ! i
AL 925 * 50 1,00 :
v 2,5t 0.3 1.63

Na 360 ¥ 30 1.13

Mn 11,6 * 0.4 1.08

™ : 388 0,75

Cu | 198 30
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F. \Work plan through September 1976
1. Analysis of samples

Between now and 30 September 1976 we will analyze the

hasze capplos by neutron activation for the long-lived elements and

by atomic absorption for Pb and probabiy also Cd, The samples will
also be examined under the Scanning Electron Microscope for morpho-
logical characteristics, which should help to decide whether Asian
deserts were the actual source, The ice-nucleus samples taken on
Millipore filters will also be analyzed, The finding that the
greatest mass in the haze layers was crustal makes these analyses
especially important because crustal fragment are particularly

good ice nuclei,

2, Trajecto 8is

| Accurate trajectory analysis of the haze-laden air masses
should be most helpful in revealing the source of the haze aerosol.
We have unfortunately had some difficulty obtaining the maps for
April and May of 1976 because there is normally & six-month delay
before the maps are available on microfilm, The National Climatic
Records Center in Asheville, North Carolina, is expediting our
request to the maximum degree and has just delivered the maps for
April, We hope to get the maps for May sometime during August or
September, Dr. Paul Twitchell of ONR Boston, a meteorologist with
much expo:ionce in making Arctic trajectories and who has a special
interest in this project, has offered to come to U,R,I, and work
with us on the trajectories, we anticipate positive results,




42

3, Setup of ground stations in Alaska
The second part of the original proposal was to perform

a one-year ground-level study of the aerosol at some location in
Alaska, probably either Barrow or in the interior, in an effort
to get some idea about the seasonal frequency of the occurrence
of the haze layers there, 1f indeed the haze layers could be
detected at ground level, As one surprising result after another
has been produced in the past weeks from this study, leading to
the major hypothesis of substantial flows of Asian desert dust
into the Arctic Basin, we have been forced to rethink our whole
approach to the next year's work, If the Asian deserts do routinely
contribute major amounts of dust to the Arctic aerosol, this
phenomenon should be studied in much greater detail, both in the
Arctic and nearer to the Asian source, Clearly the way to do this
best would be further aircraft measurehents, now that we have
demonstrated that it can be quite satisfactorily done, But we are
only a small project and dare not expand too far too fast, We
literally have neither the manpower nor the general capacity to
make a long series of flights during the next contract year,
Recognizing the great value of more and better aircraft measurements
though, we have worked out a compromise scheme which we feel is a
realistic next step, This scheme involves proceeding as planned for
a_ground sampling program for next year, for the following reasons:
(1) The machinery is already in motion - pumps are ordered,
shelters designed and built, arrangements made, etc, etc,

(2) Such a ground study involves negligible cost and manpower

for sampling and only moderate manpower for analysis,
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(3) A similar stuqy performed some years ago by one of us
' (K. Rahn) in northern Norway was highly successful, Pollution
3 - aerosol carried northward from Europe in the airflow aloft was
quite strongly detected at ground level and led to rather positive
identification of the source and transport mechanism, During
; periods of high pollution, the background aerosol for that region

was completely masked by the pollution component,

(4) The Sahara plume, which travels across the Atlantic Ocean
from West Africa to Barbados at altitudes of 2-6 km, is easily
detected at sea level at all points along the trajectory. In fact,

the whole phenomenon was discovered by a sea-level site in Barbados,
(5) A ground-level study in Alaska should yield much valuable
general information about the nature and sources of the Alaska

aerosol, over and above what it shows about the haze component, One

never knows what may emerge from such information - the Alaska

aerosol is very understudied up to now,

(6) The anomalous behavior of sample M, where a high crustal
concentration was found with no evidence of a concurrent haze layer,
has cast doubt on our original asscumption that all the elements of

the aerosol would have their maximum concentrations in the haze layer, -

It has also provided indirect evidence that the large mass of the

haze layer is indeed associated with giant aerosol particles, as it

should be, These particles are very subject to fallout, and thus

would tend to be detected more at ground level than would the ;

smaller particles of the hasze layers. 4 o
(7) Pinally, the alternative to a continuous ground-level

study, a continuous aircraft study, is simply unreasonable at this
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point, both in terms of finances and manpower, Purthormori.'auch
a study would probably have a large percentage of inactive time
because of poor flying conditions at Barrow during much of the year,
During his trip to Alaska in April-May 1976 for the
major purpose of aircraft sampling of thehaze layers at Barrow,
Mr, Randy Borys of U.R.I, inspected a number of possible ground-level
sampling sites in and around both Barrow and Fairbanks, The best
of these was NOAA's Global Monitoring for Climatic Change (GMCC)

site just outside of Barrow, where extensive air samples are taken

and radiation measurements are made throughout the year. Conversa-
tions with NOAA personnel at the site and subsequent exchanges of
letters with Dr, Kirby Hanson of NOAA in Boulder, Colorado have
established NOAA's generous offer to aid us by having their
personnel at Barrow change filters routinely over the year and mail
them back to U.,R.I, for analysis, This cooperation, which is free
of charge to this project and which is not necessarily afforded by
NOAA to all experimenters (because of NOAA's full program for its
own personnel at the Barrow site), will allow us to obtain a valuable
suite of filter samples, with a minimal expense and effort, and at
the same time have access to a great deal of supporting atmospheric
measurements made by NOAA on other atmospheric parameters during
these same periods, This year in particular will be a very good

one for cooperation with NOAA at the Barrow site because

Mr, Emerson Wood of NOAA, the person most likely to change our
samples, will be making a special series of measurements on aerosols
(with a 4-wavelength nephelometer, a Pollack counter, and a sun
photometer) during the winter to collect data for a Master's thesis
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under the direction of Dr, Shaw, We will therefors seat up our
Barrow ground-level station at NOAA‘'s GMCC site during the week of
13 September 1976,
We have decided also to make a change from our original
proposal and run a two-point ground-sampling program in Alasks,

with the second site just outside Fairbanks, The impetus for this
addition came from Dr., Glenn Shaw of the University of Alaska and

his boundless enthusiasm for studying the background aerosol of
interior Alaska, A Fairbanks site would be very useful to us for
the following reasonss:

(1) There is mounting evidence that Arctic haze aerosol may
indeed pass over Fairbanks on its way from the south to Barrow and
northern Alaska, First is the general association we have seen
between the haze peridds at Barrow and southerly winds, On one
occasion the haze layers were tracked from Barrow to the Brooks
Range, and since the air flow at the time was northward over the
Brooks Range, the haze must have come from the Alaskan interior,

A 3econd piece of evidence comes from observations by Dr, Glenn Shaw
of very high turbidities over Fairbanks in late February and early
March 1976.' These turbidities were associated with southwesterly
winds, and the trajectories for these periods showed that the air
nasses involved could not have recently passed over polluted Europe
or the northeastern United States, These turbidities and air flows
are not incompatible, however, with a scurce for the aerosol in

the Asian deserts according to the picture which we are independently

developing from data of northern Alaska, The discovery of a common

cause for high turbidities cver Barrow and Fairbanks would be
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exciting indeed,
(2) University of Alaska personnni make as many radiation

measurements as possible at Fairbanks during the year., Such

il A aiad

turbidity measurements could be compared with aerosol trends from

a Fairbanks station in exactly the same way as we have already
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done for the aircraft flights this spring at Barrow,
(3) The aerosol of interior Alaska may be quite different
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from that around Barrow, In fact, little or nothing is known about
the composition or sources of this aerosol, and Dr, Shaw has been
particularly eager to get whatever information he can about it,

3 to help him interpret a series of turbidity measurements which
he has been accumulating for the past several years and which may
eventually turn out to have great relevance to our understanding
of the aerosol of northern Alaska,

Because of Dr, Shaw's interest in a series of measurements

from Fairbanks essentially identical to what we were independently
planning for Barrow, we thought it would be most opportune to operate
a completely parallel program at Fairbanks for this year, The

station will be set up during the week of 6 September 1976 and will

operate for about one year, Samples will be collected by Dr. Shaw

or an assistant at very little cost to this project, &L uipwing the
site will cost less than $1,000, and for the time being we will use
the spare pumps foreseen originally for Barrow, so that there would
be virtually no initial cost, The setup will have no wind controls
so that no anemometer or associated electronics will be needed, We

have chosen the site of Ester Dome, approximately ten miles west of

PFairvanks, This is a research site operated by the University of
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Alaska, which has a number of buildings with electrical current
which could be used for the pumps, Local contaminatfion is very
small, especially in the winter when Ester Dome is well above the
mixed layer of Fairbanks (elevation of Pairbanks is 600 feet; that
of Ester Dome 2,364 feet). There are only a few houses nearby,
which appear to be heated with electric heat and so emit minimal
pollution, We feel that even if local effects were to ruin half
the samples taken here during a year, the other half will make the
pro ject worthwhile,

Our experience with field sampling has shown us that if
two sets of samples are to be taken in regions where a certain
effect is to be studied, such as the transport of aerosol into
Alaska, simultaneous programs are vastly preferred over separate
programs, So when the chance came to add Pairbanks to the program,
we decided to do it.

In summary, the overall work plan for August and
September 1976 isa
August 1976
Continue with analysis of haze samples; make trajectory analyses
for samplins‘datoa at Barrow during April 1976; construct and test
ground stations at U,R,I.; ship ground stations to Barrow and
Fairbanks,

September 1976 |

Complete analysis of hate sanmples; make trajectory analyses for
sampling dates at Barrow during May 1976; install ground stations

at Barrow and Fairbanks; receive first ground-level filters at U.R.I.
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G. Pyblications in preparation

For obvious reasons of time, this project has as yet
produced no publications, However, certain communications of
our results are foreseen, We plan to submit a short publication
to Nature as soon as the chemical analyses and trajectories are
finished, One of us (K, Rahn) will be attending a conference in
Gothenburg, Sweden, 18-20 October 1976, sponsored by the Secretariat
for International Ecology, Sweden (SIES), on the topic of measurement
and effects of Sahara dust, We will present a short summary of our
results there, We have just received an invitation from
Dr., Troy Péwé of Arizona State University to attend a symposium on
desert dust which he is organizing for the annual meeting of the
AAAS in February 1977 in Denver, If time permits we way give a
talk, but in any event we have been encouraged to prepare a paper

for the proceedings volume of the conference,

4
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II. Renewal Proposals "Arctic Haze: A Chemical, Physical, Optical
and Meteorological Study*

A, Introduction and rationale
The original Arctic haze proposal of 20 August 1975

anticipated a two-part program consisting of a month-long aircraft
field-sampling program in Barrow followed by setup of a ground-based
sampling program in Barrow or vicinity, The aircraft program would
yield information about the composition of the Arctic haze layers,
while the ground program would hopetuliy provide some data on the
seasonal frequency of occurrence of haze layers at Barrow, plus
more detailed chemical analysis of the Barrow aerosol in general,
The ground-level sampling program was to extend for one year, or
through the latter rart of the original granting period and most
of the one-year renewal, which was anticipated to begin 1 October 1976,
A8 noted above in the Progregs Report section of this
report, the aircraft sampling part of the original contract has
been carried out (in April and May 1576). It seem8s to have been
very successful, and analysis of the samples is now being completed.
Concerning the ground-station program, we have decided to set up two
stations instead of the originally-planned one, for reasons which
are also discussed above, Briefly, these ares (1) the second
station just outside of Fairbanks will be maintained by University
of Alaska personnel at little cost to this projects (2) it should
yield confirmatory data for the more northerly Barrow site, because
Fairbanks {s to the south, the direction from which the hase layers
appear to come into Barrow., (In fact, Dr. Glenn Shaw of the
University of Alaska observed anomalously high turbidities over
Fairbanks this past spring during periods of southwesterly flow aloft)?




«~50-
and (3) turbidity measurements are made regularly in Pairbanks and
can be compared with our aerosol measurements there,
The riist part of our renewal proposal for the period
1 October 1976 through 30 September 1977 is therefore the maintenance

of these two ground stations and the analysis of filters collected
from them, '

The second part of our renewal proposal is a follow-up

t series of ajrcraft samples of the Arctic haze layers over Barrow,

using aircraft from NARL in about the same way as the first pilot

study there did, This again represents something of a departure

from our original idea for the renewal, which was to only run the
ground program, The reasons for adding a second aircraft phase are
severals (1) Our chemical analyses of the first set of hase layer
éanples showed that ajrcraft sampling within the layers was much
easier than we had anticipated, because the concentrations of aerosol
mass were generally much higher than expected; (2) Condensation
nucleus counts as a function of height durirg the flights occasionally

revealed apparent layers of aerosol well above the 10,000-foot l!!g;;gg

ceiling of the gobsna 180's used during the pilot study; radiation
measurenments during some of the flights confirmed this idea by showing

that much of the turbidity of the Barrow atmosphere was above the

levels sampled, This agrees with the totality of radiation measure-
ments from Barrow, which suggest that 60-80% of the haze-producing
aerosol is above the typical flight levels of 7,000-10,000 feet,

A level of 10,000 feet may only be the base of a substantial hase
layer, the origins and properties of which are unknown, The strato-
sphere apparently cannot account for very much of this "excess®
turbidityy (3) We learned that NARL wil Ve one its Super DC-13's
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set aside for research purposes which can be used; these aircraft
can fly enough higher and longer (ceiling about 20,000 feet, flight
time about 10 hours) than the Cessna 180's that sampling from them
would be a significant improvement over our pilot study; (4) We
need to know the chemical composition of the hate particles as a
function of particle size in order to confirm that the particle? of
crustal composition indeed are present in the giant size range
(radius > 1 ym). where they should be if they are indeed produced
from the crust by natural dispersion processes, as we suspect,

Such measurements can be made with a high-volume cascade impactor;

(5) We need to know the vertical profiles of this crustal aerosol
and of its components during haze and non-haze conditions, because

flight M has shown us that the concentrations of crustal material
may have little or no relation to the presence or absence of haze,
In particular, we need to know whether the crustal aerosol has a
maximum concentration at the same point where the haze layer does
(as measured by particle counts of Aitken nuclei), If the concen-
trations of crustal aerosol are generally high at all levels of the
lower troposphere when a haze band is present, then the crustal ‘
aerosol can no longer be considered as an indicator of the location
of the haze layers, and something else will have tq be sought,

For both the ground-level and aircraft studies, detailed
trajectory analyses for all samples will be made, which will provide
important corroborative information about the locations of sources
of the aerosols sampled,

In summary, then, our Renewal Proposal contains the
following goals:
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(1) Seek to establish the seasonal frequencjes of occurrence
of the haze layers over Alaska by a year-long ground-station study
at Barrow and Fairbanksj
(2) 1If the haze aerosol is detected in the ground-level aerosol
at either or both of these sites, a very careful trajectory analysis
will be performed for the haze periods to see whether they all have

the same source and what this source or sources might be;

(3) Determine the composition of the ground-level aerosol as
a function of particle size during the haze periods and compare the
results with a similar study to be done by aircraft in the layers
aloft;

(4) A major ajircraft study of the haze layers over Barrow next
spring to see whether their composition is the same as this year
(i,e, is the haze aerosol always crustal?), study their composition
as a function of particle size, make better size distribution
measurements of the haze and non-haze layers (perhaps with an airborne
Roycp particle counter), measure the vertical profiles of the
various components of the Barrow atmosphere during haze and non-
haze conditions, and to see which components are the best indicators
of the location and intensity of the haze layers;

(5) A much broader goal, to be discussed in detail belows

To begin a comprenensive study of the composjtion of the 1-10 pm
fraction of erodible sojils, i,e, that size fraction of the soil

which actually makes up the crust-derived aerosol, Such information
will be most helpful now and in the future in confirming whether

Arctic haze actually comes from the earth's crust via a wind-generation

mechanism,




Future research which might develop if an Asian desert
source is confirmed this year but which is not proposed for this
renewal, might be oriented toward (1) examining the transport paths
of Asian aerosol between Asia and Alaska in more detail, with an
eye toward levels of transport, modification of the particle
population during transport by fallout, precipitation, etc.; (2) dis-
tinctive chemical features of Asian desert dust which can aid in its
identification; (3) fate of this crustal material after it is injected
into the Arctic vortex (this could possibly develop into a cooperative

international program if other northern countries were interested
enough); and (4) a more detailed theoretical and experimental study
of the effect of dust particles on the radiation balance of the Arctic.
It can easily be seen from the above discussion that our
program for the next year is at a higher overall level than had
been originally anticipated; this is also reflected in the budget,
Part of the reason for this increase in size is due to the nature
of the analytical results which we have obtained for the hate
samples - if the haze indeed has its source in the Asian deserts,
then this is a major discovery which merits an expanded progranm,
But a second reason why we have felt confident to propose a larger
program is because of the following purely coincidental set of
circumstances of which we have chosen to take fullest advantage,
From September 1975 to May 1976, Dr, Kenneth A, Rahn of
this project was an invited guest scientist at the Max-Planck-Institut
fur Chemie (Otto-Hahn-Institut), Mainz, West Germany, directed by
Prof, Christian Junge, This institute has perhaps the foremost
comprehensive program of research into atmospheric chemistry in the
world, Dr., Rahn's principal activity during these eight months was
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the analysis and interpretation of a suite of Sahara soil samples
and a'suito of Sahara aerosol samples taken over the North Atlantic
Ocean, The analyses performed on these samples by neutron activation
were the most detailed of any Sahara samples to date, They ylelded
a great deal of information about the composition of the aerosol
itself and also revealed an intimate relation bvetween the composition
of the parent soil and its derived aerosol, which appears to be much
more complex than generally realized, At the conclusion of Dr, Rahn's
visit to Mainz, Prof. Junge suggested that one of his graduating
Ph.D. students, Mr, Lothar Schutz, pay a return research visit to
the University of Rhode Island and work for six months to one year
with Dr, Rahn on analysis of aerosols by and soils by neutron
activation, then return to Mainz and establish a similar progranm
there, Mr, Schutz has been working on the physical and meteorclogical
aspects of the generation and transport of Sahara dust for several
years and has written a Master's thesis and is finishing his Ph,D,
thesis in this area, He is undoubtedly one of the world‘'s experts
on the topic of generation of crustal aerosol and its long-range
transport, He also has a great deal of experience in electron
microscopy of desert and marine aerosols, It was agreed that
Mr. Schutz's research at U,R,I, would be most profit#ble if it were
divided roughly equally between analysis of aerosols and analysis
of size-fractionated soil samples, The latter is a completely new
field, which was decided upon because it would hopefully explain
why the crustal component of the world background aerosol does not
more closely match bulk soils in its composition, a recent finding
for which there is mounting evidence (Rahn, 1975a, by Rahn, 1976a, b).
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When we decided to add the Fairbanks site to the ground-

level sampling program, Mr, Schutz agreed to be the analyst for
these samples, whether or not ONR supported him financially, The
analysis of the soil samples was seen as a project of interest to
the atmospheric chemistry community as a whole but one which could
not be supported by ONR,

Then came the finding that the haze aerosol might well
be from Asian deserts, Mr, Schutz's visit to U.R.I. suddenly

took on a much more interesting dimension, for his expertise in
desert aerosols could be used to great advantage in this project.
Nearly simultaneously, it was also being arranged that he should
stay at U.R.I., for more than six months, hopefully 9-12 months, 8o
that he could make a genuine contribution to whatever project he
worked on, It is now very clear to all of us that a happier marriage
between visiting scientist and needy project could hardly be arranged,
We of U,R.I. have offered Mr, Schutz a flat six months' salary from
whatever grant we needed to take it; Prof, Junge has added a pledge
of 3-6 months' additional support plus travel expenses, and so it
is now definite that Mr, Schutz will begin his visit here
1 January 1977 for some period longer than six months,

We propose to make Mr, Schutz an intimate part of this
Alaska project while he is here and that he essentially devote his
full effort to it. We are requesting six months®' salary for him |
under this project, which together with the contribution from i
Prof, Junge will allow his full-time participation. We ask ONR to
take the long view and recognize that Mr, Schutt's analysis of
size-fractionated soil samples (all of which he will fractionate
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in Mainz at no cost to ONR before coming to U.R.I.) may ultimately
be as valuable a contribution to delineating a source for the Arctic
hage aerosol as his analysis of the ground-station samples will be,
and, in fact, will open up a whole new branch of research into soils
versus the aerosol, Mr., Schutg will, of course, assist with many
other aspects of our Alaskan haze research, and we expect that his
contribution to the overall project will be invaluable,

Furthermore, the analysis of the size-fractionated soils
shows every prospect of being enthusiastically received by the
atmospheric chemistry community as a whole, For example,

Dr, Jarvis Moyers, Director of the Atmospheric Analysis Laboratory
of the University of Arizona, Tucson, has already collected a desert
soil sample for us and has offered, free of charge to this contract,
to analyze the size fractions of all the soil samples by atomic
absorption for about 20 elements, including the most interesting

Pb, Cd, Si, Bi, and Tl, which would normally not be determinable

by neutron activation at U,R.I, We expect this project to

(1) provide a much better estimate of the global crustal precursor
to the aerosol than is presently available; and (2) to give some

much-needed information about the multi-elemental composition of

various soils, including various deserts, It may be that some
element or combination of elements will turn out to be an indicator

of each desert, (An obvious first step to take would seem to be

analysis of soil from the Asian deserts, We are presently trying ﬂ
to obtain a soil sample from either the Gobi or Takla Makan Desert,)
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B, General plan of the work

F 1. The ground stgtions
} The two ground stations in Barrow and Fairbanks will both

run from September 1976 to at least September 1977, As described
earlier, each will have two pump-filter setups, one for trace metals
and the other for total aerosol and organic carbon, The station at
Fairbanks will run continuously, one one at Barrow will have wind

control, Filters will be changed at each site on command from

U,R.I.,, where the hemispheric flow situation will be followed from
real-time meteorological maps printed several times daily by a
standard facsimile machine, Changing of filters will take place

3 every few days when the air mass or wind systeﬁ changes, Special
attention will be paid to flow patterns from the Asian deserts to
Alaska - we will start a new filter each time that such air should

reach Alaska and keep the filter running as long as the situation

persists, In this way we hope to get the best possible samples of
desert vir over Alaska,

Filters will be mailed back to U,R.,I. and analyzed in
groups of 5-10, or in smaller groups as the situation demands,

Two or three times during the course of this year we will

take high-volume cascade impactor samples at each ground site, These
will give information about the haze and non-haze aerosol as a
function of particle size, which should allow us to quite accurately
discriminate between crustal material (large particles) and material
from other sources (smaller particles), These impactors will be

made for us in U.R.I,.'s machine shop at only nominal charge,

. T S e -
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2, Improved aircraft sampling
We originally shied away from including aircraft sampling

in this Renewal Proposal because we felt that in order to improve
Fn our sampling significantly over the Cessna 180 flights already made
we would have to step up as far as the NCAR Electra, the use of
which is much too big an undertaking for this project, We then
were reminded of the two Super DC-3's at NARL, one of which is
reserved for scientific work, Mr, Richard Delafield, aircraft
i operations manager of NARL, confirmed that he would indeed be
delighted to use one of these aircraft for our purposes and that
they would be ideally suited for our type of work,

At present we are therefore planning a second, follow-up
series of aircraft samples of the haze layers over Barrow, to be
taken under the direction of Mr, Randy Borys, who directed thev
first successful pilot study there, This study would take place
next spring, probably in April again, and would be approximately
one month in duration, As before, the flight would incorporate

particle counts, radiation measurements, and aerosol sampling, and

possibly particle-size distribution determinations during the

flight by a Royco counter to be supplied by the University of Alaska,
Particle-size distributions may also be determined more accurately
for mineral and non-mineral fractions of the aerosol by sampling

on Delbag Microsorban filters, dissolving in toluene, and counting
under light and/or scanning electron microscopes, Mr, Schutz has
had much experience with this technique, Each flight would be up

to ten hours long and up to 20,000 feet in elevation depending on

where the haze layer was found, Six aerosol samples would be taken

sttt A b - £ 55 e i o e e




59«
simultaneouslys two high-volume cascade impactors (one with Whatman
cellulose filters for trace-metal determinations, the other with
glass-fiber filters for total aerosol and total organic carbon
determinations), two high-volume total filters (Whatman and glass-
fiber), as well as the low-volume SEM and ice-nucleus filters,
Radiation instruments would include the sun photometer and possibly
also the multi-spectral hemispheric flux detector, a new instrument
of Dr, Shaw which seems to be working well and which could be
mounted in a hatch of the Super DC-3,

3. Meteorological analyses
Meteorological analyses, particularly trajectory analysis,

will form an ever more important part of our program, As mentioned
above, we will use a facsimile machine to control the changing of
filters for the ground-sampling program, In addition, we will make
trajectory analyses for the flight periods of April-May 1976 and
those anticipated for April-May 1977, as well as for all periods of
interest during the ground sampling, To do this we will place a
standing order with the National Climatic Records Center in Asheville,
North Carolina, for microfilms of hemispheric weather maps for five
levels (surface, 850 mdb, 700 mb, 500 mb and 300 mb) twice daily

for the year, Using these, together with the Arctic trajectory
techniques learned from Dr, Paul Twitchell of ONR Boston, we should
be able to fairly well document the source(s) of aerosol over Alaska
at all times of the year, We will also look into the possibility

of using NASA satellite photographs to follow dust clouds from the
Asian deserts northward and eastward, as has been done successfully
for Sahara dust moving westward across the Atlantic Ocean to the

Caribdbean,
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4, outline of work plan
The overall plan of the work for this one-year project
is then as follows:
October-December 1976
Begin analyses of Barrow and Fairbanks ground-level samples; install
facsimile machine at U,R.I, and begin control of sample changing
at these two sites from U.R.I,: improve trajectory analysis for
aircraft samples of April-May 1976; fractionate soil samples (Maing);
plan and order sampling equipment for spring aircraft sampling in
Alaska,
January-March 1
Continue analysis of Barrow and Fairbanks samples; begin analysis
of fractionated soil samples (including AA work at University of
Arizona); assemble and test equipment for spring aircraft sampling
in Alaska; trajectory anaiysis for ground samples of October-
December 1976,
April-June 1977
Continue analysis of aerosol and soil samples; aircraft sampling
in Barrow using Super DC-3; trajectory analysis for January-March
1977.

July-September 1977
Begin analysis of aircraft samples and radiation data of April-May

19771 continue analysis of aerosol and soil samples; trajectory
analysis for April-June 1977; close down ground sampling sites at

Barrow and PFairbanks,
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C. Facilities avajlable
Unjversity of Rhode fs;and
Two well-equipped chemiétry laboratories, one in the

Horn Building at the Graduate School of Oceanography and the other
in the Rhode Island Nuclear Science Center (RINSC) adjacent to the
School of Oceanography, will be used in this work, A new $30,000
Class 100 clean laboratory is being constructed for our group in
the RINSC and should be available by September 1976, Also available

for this project are three laminar-flow clean benches, A machine

-shop is located on the main campus,

All neutron activation analysis will be performed at the
RINSC. The RINSC swimming pool reactor operates at two megawatts and

12 259c~1

delivers a thermal neutron flux of approximately 4 x 10" n cm™
at the irradiation sites, Counting equipment available for this work
includes several large Ge(Li) solid-state detectors and associated
electronics, which may be used with either a Nuclear Data Model 2200
Lo96-channel analyzer or a Digital Equipment Corporation PHA-11
pulse-height analysis system, Data and spectrum reduction on these
systems can either be done via magnetic tape output with subsequent
use of the IBM 360-60 computer on the main campus or directly on
the PDP-1140 computer which is part of the PHA-11 systen,

Also located at the RINSC is a complete atomic absorption
analysis laboratory, including three Perkin-Elmer instruments
(Models 303, 360 and 503), HGA-2000 and HGA-2100 heated graphite
atomizer attachments and other accessories,

An ice-nucleus counter, utilizing Millipore filters and

the forced-air cooling technique, is also located at the RINSC,
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The Graduate School of Oceanography has a Stereoscan S&4

scanning electron microscope (Cambridge Scientific Instruments, Ltd,)
which is available for general use, It features two CRT displays,

a magnification range of 10-200,000X, and a resolution in the
secondary election imaging mode of 150A at 30 kV, In addition, the
GSO has recently acquired a JEOL 50-JXA electron microprobe with
3-wavelength spectrometers and the KRISEL automation package,
including a PDP-11/05 16K computer, This unit will have 70-A
resolution and a 1 um beam, j

University of Alaska

The Geophysical Institute of the University of Alaska is
housed in the eight-story C, T. Elvey Building on the West Ridge
of the College campus, Available facilities here include machine
shops, welding, carpentry, painting, staging and assembly, electronics
shop, instrument repair, electron microscope laboratory, optics dark
tunnel, photographic services, drafting, reports production,
programming and computing, data processing, optics laboratory,
meteorology laboratory and optics test laboratory,

The Geophysical Institute library offers a comprehensive
coverage of Eolar-terrestrial physics, meteorology and climatology,
glaciology, oceanography, the solid-earth sciences, and environ-
mental studies., The archives, ad jacent to the library, include a

world-wide collection of auroral and magnetic records, together

with a more selective sampling of other records in the various
geophysical disciplines,
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b. c nt_support nding applications
Dr, K, A, Rahn

At the time of this writing, Dr. K, A, Rahn is supported
as a Research Associate by NSF Grant ATM?75-23725, "Atmospheric
Chemistry of the Halogens: Natural and Anthropogenic®, for the
two-year period 1 January 1976 to 31 December 1977, He is
Co-Principal Investigator on the grant, the total‘budget for which
is $90,364, Pifty percent of his salary comes from this grant,
The other 508 of Dr, Rahn's salary comes from the ONR Arctic hase
contract for which renewal is being sought here, Its budget for
the eight-month period 1 February 1976 to 30 September 1976 is
$28,222, Dr, G, E, Shaw of the University of Alaska is the other
Co-Principal Investigator,

Dr, G, E, Shaw

3 g
| add
-

Title Agency Period Amount

Current Support

OPP73-05829-A01 Studies of the NSFP 09-01-73 $63,800 7 mos,
Size Distridbution of the Back- 04-30-77

ground Aerosols as Determined

from Multispectral Measurements

of Atmospheric Transparency

P.0. 43434 Arctic Haze: ONR 02-24-76 $ 3,947 3/4 mo,
Natural or Pollution? 06-30-76

DAAD 07-76-M-5382 Atmospheric Army 02-01-76 $ 7,054 3/4 mo.
Aerosol Collection in Interior 01-31-77

Alaska .
03-6-022-35154 Radiation NOAA 02-01-76 $18,485 3 mos,
Studies at Mauna loa 01-31-77

Observatory
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P, I,
Title Agency Period Amount Time

Pend Applications

Radiation Studies at Mauna Loa NOAA 1 year $21,069
Observatory : .

Study of Non-Resonant NSF 1 year $41, 599
Scattered Sunlight at Alaska

Studies of the Atmospheric NSF 1 year $32,446
Radiation Field in Antarctica '

Tropospheric Investigations NSP 1 year $31,482
in Sub-Polar Regions, Part II

Studies of Atmospheric NSP 1 year $39,885
Particulates and Atmospheric
N°2 '

E, Comments on the budget
The proposed budget for the one-year period beginning

1 October 1976 is presented in Section P, Its total cost is $72,674,
which is 72% higher than the annual equivalent of last year's
eight-month budget, This increase comes about for several reasons:
increased participation by Dr, Rahn and Mr, Borys in the project,

the timely addition of Dr, Schutz to the program, the operation

of a ground program and aircraft program in the same year, as well
as a larger program of meteorological interpretation of the data,

We feel strongly, however, that these increases are reasonable ones
and quite jusfified in light of the progress that this project has
made in the past six months, In February 1976, we knew only what the
literature could tell us about Arctic haze layers; now in August
1976, we have a proven method of sampling them, know what their
composition was in April-May 1976, and have strong suspicions about

their source, If our ideas about Asian deserts are correct, the
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transport of large masses of crustal agrosol f~om Asia into the
Arctic represents a major hitherto-unknown phe:.;menon of some
siznificance,
Specific comments on the budget follow,

1, Salaries
We are requesting six months® salary each for Co-Principal
Investigator Dr, Kenneth A, Rahn, Research Associate Dr, Lothar
Schutz, and Research Assistant Mr., Randolph D, Borys, For Dr, Rahn

and Mr, Borys this will accurately reflect the actual time spent
on the project during the year-long granting period, For Dr, Schutz
one-third to one-half of his salary will be provided by the Max Planck
Society of West Germany, even thougn he will work on the project
full-time, The remainder of both Dr, Rahn's and Mr, Borys®' salaries
will be paid by NSF Grant ATM75-23725, "Atmospheric Chemistry of the
Halogens: Natural and Anthropogenic", a two-year grant from
1 January 1976 through 31 December 1977,

Dr. Rahn, who has been at the University of Rhode Island
since November 1973, will be responsible for U,R.,I,'s portion of

this project, Mr, Borys, who is a meteorologist with extensive
air-sampling experience in remote areas and who designed and conducted
' the successful aircraft-sampling phase of the first Arctic haze
project, will also be responsible for the aircraft-sampling phase i
of this project, He will also manage all equipment for the ground-
sampling proéram..perform trajectory analyses, take a major role in
guiding the changing of samples at the ground sites in Alaska based ;f
on the developing hemiepheric'air-flow patterns, and will perform |
many of the chemical and physical analyses of the samples, We are

[
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particularly pleased to have Dr, Lothar Schuts of the Max-Planck-
Institut fur Chemie, Mainz, West Germany, join us on the project,
Dr. Schuts will analyze the size-fractionated soil samples, possibly

including som& from the Asian deserts, and the aerosol samples from
the Fairbanks ground stations, 1In addition, he will offer important
assistance in many matters having to do with long-range transport
of desert dust, in which field he is an expert,

University of Alaska
We are requesting one month's salary for Co-Principal

Investigator. Dr, Glenn E, Shaw, The remainder of his salary will
be paid from various grants (see Current Support under Biographical
Information) and from state funds, Dr, Shaw will have full respon-
sibility for the University of Alaska's part in this progranm,
including the maintenance of the ground-sampling station near
Fairbanks and the radiation measurements during the field program

in Barrow next spring.

3. Permanent equipment
University of Rhode Island

Two high-volume cascade impactors will be needed to perform
the critical determinations of mass versus particle size for the
elements in the aerosol dboth at the ground stations and aloft, At
U.R.I., we have successfully used the Sierra-type impactors, but as a
modified version built in our own shop at very little cost compared
to the commercial model, which presently costs about $750 including
base, We assume that our shop can make the two more that we need for
this project, but in case something happens we have budgeted $1,500

for two commercial versions,
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The high-volume air sampling during the aircraft flights
will be provided by Gelman Hurricane pumps, Four will be needed
simultaneously, which with four spares, gives eight total needed,
We have three from the previous project so we are requesting funds
for five more,

The single Rotron high-volume pump we have requested is
for a spare for the ground-level sampling, needed because we diverted
the original spare foreseen for Barrow to be the active pump at
Fairbanks, This brand of pump is rugged and highly reliable, and
we do not anticipate any difficulty with its operation in the field,
Nevertheless, we should have at least one spare,

The four inverters of 1000 watts capacity apiece are
foreseen for use in the aircraft sampling to provide power to one
Hurricane pump apiece, This is the system used in the original
flights in spring 1976, which worked successfully. The four
Hurricane pumps which will run simultaneously will, therefore,
require four inverters, As spares we will use the two left from
the original project,

At this point a word of explanation should be injected
about the final aircraft sampling system, There seem to be two
options in powering the pumps: & generator or batteries, The
generator is bulky, very noisy, and produces much dirty exhaust,
but does not need recharging and should be very reliable, Batteries
are neat and clean, but are heavy (we may need as many as 30), give
off acid fumes during the flight, and need to be recharged after
each flight, Furthermore, the inverter used with batteries cannot

accommodate the Gast-type high-vacuum, low-volume pumps that we would
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1ike to use with the Scanning Electron Microscope and ice-nucleus

filters, At the moment we have not decided between these two
systems, Their costs are about the same, however, and for the
purposes of this proposal we describe the battéry system, Perhaps
the deciding factor will be whether the Super DC-3 will have a good
vacuum system of its own which we can tap into; if this happens,
then the Gast pumps for the low-volume samples can be eliminated
and we will almost certainly choose the battery systenm,

We hope that NARL can provide four 50-amp battery chargers,
which, of course, would only be necessary with the battery systenm,
We have, however, budgeted for the worst case,

The last item of permanent equipment, a shaker-sieve
system for soil fractionation, is part of our long view toward the

Asian deserts and/or arid regions in general as sources of crustal

aerosol which may move into the Arctic atmosphere, The soil samples
which Mr, Schutz will analyze as part of this project will all be
fractionated at his laboratory in Mainz because we have no equipment
for it here. We are, therefore, requesting this relatively modest

sieve system which will allow us to perform whatever additional

fractionations should prove necessary during and after his stay here,

Loy TRRERT

| 4, Expendable equipment and supplies
; We have budgeted $2,000 for equipping the Super DC-3

sampling system; that is, intake nozzles, air tubes into the aircraft,
etc, This amount seems reasonable because last year's equivalent

for the Cessna 180, a much smaller system, cost $700, It was,
however, fabricated by an outside contractor because the machine shop

of U.R,I, had too great a backlog of projects, and our project had
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to move fast, This year we are hoping to have enough lead time to
have all construction done at our own shop, in which case we only
pay for material, To be safe though, we have included the $2,000
worst-case estimate,

We are requesting 30 lead-acid batteries for the aircraft
sampling, even though we have tén in storage at NARL. These ten
must go through a winter there, and if anything happens and they
freeze they will be ruined, To be safe, therefore, we are assuming §

that we will have to start all over next spring with new batteries.

0f the five Gast Model 0522 high-vacuum, low-volume pumps g
we are requesting for aircraft and ground-level sampling, three are |
for the aircraft and two for the ground as spares, If the Super IX'-3
has a good vacuum system that we can use for the low-volume SEM and
ice-nucleus filters, the three Gasts will not be needed in the
aircraft. If only one spare is taken for the ground stations, this
request could conceivably be cut to $200,

5. Iravel

The total of $3,000 requested for the spring 1977 field
work in Barrow is based on Mr, Borys there full-time and Dr, Rahn for
a shorter period (he was unable to participate in last spring's air
sampling because of being in Germany), and three round-trips from
Fairbanks to Barrow for Dr, Shaw and/or others of the University
of Alaska,

The request of $400 to attend a SIES (Secretariat for
International Ecology, Sweden) conference (Gothenburg, Sweden, :
18-20 October 1976) on Sahara dust and its effects is for Dr. Rahn, !

who will independently be attending the WMO Technical Conference on
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Atmospheric Pollution Measurement Techniques to be held the week
before in Gothenburg, Dr, Rahn was invited to attend the SIES
conference by Prof, C, E, Junge of Mainz to present his work on
Sahara aerosol and soils, done at Prof, Junge's institute in Mainz,
At the same time, however, Dr, Rahn has offered to present the
initial results of the Alaska study to this conference, in particular
as they relate to Asian deserts as a possible source of Arctic
aerosol, This conference will assemble the world's experts on
desert dust and its transport and should be an excellent opportunity
to diécuss the significance of our Alaska work and perhaps to
interest others in the chemistry of the Arctic aerosol. On this
same trip Dr, Rahn is planning stops in Denmark and Norway to discuss
this work with researchers there who are also concerned with the
Arctic aerosol, particularly the group of Dr, B, Ottar of the
Norwegian Institute for Air Research, Kjeller, with whom Dr, Rahn has
worked in the past, The basic transportation costs to and from
Gothenburg will be paid by NSF; we are requesting that ONR supplement
this for the extra days at the SIES meeting and for the visits to
Denmark and Norway.

Finally, we are requesting $1,000 for a single trip to
Alaska from Rhode Island for Dr., Rahn to close down the ground-level
sampling program there next September,

7. Other costs
Telephone costs between Rhode Island and Alaska will be a

major expense during this granting period, especially because we ‘
will control the ground-level filter-changing from Rhode lIsland, |
At present we can use the AUTOVON system to call Dr, Shaw in Fairbanks
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and NARL; we only need pay for the time to washington, D, C, But

the calls to the Barrow GMCC site must presently be made completely
commercially, The cost of two 10-minute calls to the GMCC site

weekly for one year works out to $1.125| we are, therefore, requesting
$1,500 for telephone for the &ear. We are iooking into the possibility
of getting an FTS identification number to reduce these costs to

the GMCC site, but we do not yet know if this will be possible,

We are requesting $2,500 for the rental of a facsimile
machine to provide us with daily meteorological maps with which
to control the ground-level sampling, It is possible that the Navy
would have this item in its stock somewhere else so that much of
this cost could be saved.

Our trajectory analyses will require daily meteorological
maps from five levels in the atmosphere in a more permanent and
comprehensive form than comes from the facsimile machine, We are,
therefore, requesting $1,000 for these maps to be supplied on microfilm
from the National Climate Records Center, Asheville, North Carolina,
The basic charge is $66 per month ($792 per year), The extra $208

requested will allow us to obtain extra maps for special situations,

Cost sharing
Both the University of Alaska and the University of Rhode

Island will participate in the financial support of this research,
U.R.I. will underwrite all reactor fees, which may amount to several
thousand dollars, and will also underwrite the use of the atomic
absorption laboratory, Although the University of Alaska does not
cost-share per se with ONR, at least 4% of Dr, Shaw's salary comes
from state funds, The equipment used by the University of Alaska

'
i
i
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for the research proposed here will be drawn from its general
inventory, at no cost to ONR, Lastly, the salary of Dr, Schuts
will come approximately one-half from the Max Planck Society of
West Germany,

P, Budget

University of University of
Rhode Island Alaska
- FY 77 FY 77

4 (1) Salaries:

Co-Principal Investigator $10,000
Dr, Kenneth A, Rahn,
Research Associate
6 months (50%)

Co-Principal Investigator
Dr, Glenn E, Shaw,
Associate Professor
1 month (8%) $ 3,205
Reserve for annual leave (12%) ' 38
Holiday and sick leave (9, 5%) 30

Research Associate 6,000
Dr. Lothar Schutz
6 months (50%)

Research Assistant 6,000
Mr, Randolph Borys
6 months (50%)

Secretary 1,500
2 months (16%)
TOTAL SALARIES $23,500 $ 3,894
(2) Fringe benefits @ 12% of - § U467

salaries

———
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University of University of
Rhode Island Alaska

(3) Permanent equipment:

Sierra high-volume cascade $ 1,700 _
impactors with bases (2) :

Hurricane high-volume vacuum 625 :
pumps for aircraft 3
sampling (5) |
Rotren high-volume vacuum 375 |

pumps for ground-level air
sampling (1 spare)

Inverters, 1000 watts (4) 2,000
Battery chargers, 50 amp (&) 2,000
Shaker, 6 sieves, for soil 550
fractionations
TOTAL PERMANENT $ 7,250 -
EQUIPMENT

(4) Expendable equipment and
supplies:

Chemicals, glassware, field § 1,500
supplies, etc,

Miscellaneous $ 300

Miscellaneous aircraft- 2,000
sampling equipment and
sqpplies

Lead-acid batteries (30)
for aircraft sampling 2,000

Gast 0522 high-vacuum 1,000
pumps (5) for aircraft
and ground sampling

TOTAL EXPENDABLE $ 6,500 $ 300
EQUIPMENT




(5) Travel:

(6)

(7)

Field work in Barrow
(April-May 1977)

SIES Gothenburg conference
on Sahara dust, associated
visits to Denmark and
Norway (October 1976)
Attend 2 conferences in
U.S,, 2 people each
conference

Trips to Ester Dome near
Fairbanks to change
ground-level samples

Close down ground-samplin
in Alaska (September 1977

TOTAL TRAVEL
Publications

Other costs:
Computer 5 hrs, CPU

Maintenance of sampling and
analytical equipment

Postage (Barrow-R.I,)
Freight (Alaska-R,I,)
Telephone (Alaska-R,I,)
Scanning electron microscope
Electron microprobe

Rental of facsimile machine
(1 year)

Meteorological maps on micro-

b £ 9 S

TOTAL OTHER COSTS
TOTAL DIRECT COSTS

T

University of

Rhode Island

$ 2,500

4oo

1,600

1,000

$ 5,500

$ 500

$ 750
1,000

200
1,500
1,500
250
250
2,500

1,000

$ 8,950
$52,200

University of

Alaska
$ 500

125
$ 625
$ 250

$ 5,536




University of University of

Rhode 1sland Alaska
(8) Indirect costsa
Overhead and fringe $12,925
@ 558 of salaries
Overhead @ 51,7% of $ 2,013
salaries
TOTAL COSTS $65,125 $ 7,549

GRAND TOTAL $72,674

sty
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G. Biographical information

Co-Princjpal Investigzator
NAME: Kenneth A. Rahn

EDUCATION: B.S. Massachusetts Institute of Technology, 1962
(Chemistry)
Ph,D, University of Michigan, 1971 (Meteorology)

PROFESSIONAL
EXPERIENCE

1976 - Present Reaearch Associate, Graduate School of Oceanography
University of Rhode Island

1975 - 1976 Invited Visiting Scientist
Max-Planck -Institut fir Chemie, Mainz, West Germany

1973 - 1975 Research Associate, Graduate School of Oceanography
University of Rhode Island

1971 - 1973 Research Associate, Institute for Nuclear Science
University of Ghent, Belgium

1968 - 1971 Graduate Assistant, University of Michigan
Ann Arbor, Michigan

1970 - summer Lawrence Radiation Laboratory, Livermore, California

1963 - 1968 Science and Mathematics Teacher
Classical High School and Barrington College
Providence, Rhode Island

PROFESSIONAL

SOCIETY

MEMBERSHIPS: American Chemical Society

RECENT

PUBLICATIONS:

Dams, R., J.A. Robbins, K,A, Rahn, and J.W, Winchester, "Non-
destructive neutron activation analysis of air pollution
particulates”, Anal, Chem,, 42, 861 (1970),

Harrison, P.R., K.A. Rahn, R, Dams, J,A, Robdbins, J.W, Winchester,
S.S, Brar, and D M, Nelson, "Areawide trace metal concentrations
in Northwest Indiana as determined by multielement neutron
activation analysis: a one-day study", J, Air Poll, ant
Assoc., 21, 563 (1971).

Rahn, K,A., R, Dams, J.A, Robbins, and J W, Wincheater, "Diurnal
variations of aerosol trace element concentrations as determined
by nondestructive neutron activation analysis", Atm, Env,,

S5, 413 (1971),

Dams, R., K.A. Rahn, G,D, Nifong, J.,A, Robbins, and J,W, Winchester,
*Nondestructive multielement analysis of air pollution

particulates”, Isotopes and Radiation Technology, 9., S4% (1971),
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R‘}m. K.A.. JoJoe WCSolowski.. W, Jom. and H,R, Ru.“n. *Diurnal
variations of aerosol trace element concentrations in
%%zgf?ore. California», J, Alr Poll. Cont, Assoc,, 21, 406

Dams, R,, J.A, Robbins, K,A, Rahn, and J,W, Winchester, "Quantitative
relationships among trace elements over industrialized

Northwest Indiana", Nuclear Tec ues in Environmental

Pollution, International Afomic Energy Xgency, Vienna (1971).
Dams, R,, K,A, Rahn, and J,W, Winchester, "Evaluation of filter

materials and impaction surfaces for nondestructive neutron

?:ti;?tion analysis of aerosols”, Env, Sci, Technol., §, 4#1
972).

John, W,, R, Kaifer, K, Rahn, and J.J, Wesolowski, “Trace element
concentrations in aerosols from the San Francisco Bay area®,
A_t_u_l. .E_r‘!o. Z. 107 (1973)0

Rahn, K,, M, Demuynck, R, Dams, and J, DeGraeve, "The chemical
composition of the aerosol over Belgium", Proceedings of the
Third International Clean Air Congress, Dusseldorf, Germany,
C81-C84, VDI-Verlag GmbH, Dilsseldorf, West Germany (1973).

Heindryckx, R,, M. Demuynck, R, Dams, M, Janssens, and K,A, Rahn,
*Mercury and cadmium in Belgian aerosols,” Colloquium on the
Problems of the Contamination of Man and His Environment by
Mercury and Cadmium, Luxembourg, July 1973, Sponsored by the
Com:is:ion of the European Communities, Directorate Health
Protection,

Rahn, K.A., G, Beke, and G. Windels, “An automatic filter changer
for collection of short-period high-volume aerosol samples*®,
mo EE!-" §,. 635 (1974)0

Rahn, K,A,, R, D, Borys, and R,A, Duce, "The University of Rhode
Island's air sampling program in the Northwest Territories®,
Report of Polar Meteorology Workshop, Reno, Nevada, 1975.
Desert Research Institute Laboratory of Atmospheric Physics,
Technical Report, Series P (Physical Sciencesg No, 18,
pp. 85-87, (1975}

Harrison, P,R., K.A, Rahn, R, Dams, J.A, Robbins, and J,W, Winchester, .

"Areawide trace metal distributions in northwest Indiana
aerosols”, in Trace Contaminants in the Environment, American
Institute of Chemlcal Engineers Symposlum §er§es No. 149,

PP, 19-25, Andre F, LeRoy, Ed,, 1975,

Rahn, K.A, "Chemical composition of the atmospheric aerosol: a
compilation I*, Extern, 4, 286-313 (1975).

Rahn, K.A, "Chemical composition of the atmospheric aerosol: a
compilation II», Extern, 4, 639-667 (1975),
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Rahn, K,A,, and P,R, Harrison, "The chemical composition of Chicago
street dust", in Atmosphere-Surface Exchange of Particulate
and Gaseous Pollutants (1974), Symposium Proceedings, CONF-
740921, NTIS, U, S, Dept. of Commerce, Springfield, Va, 22161,
pPp. 557-570, (January 1976).

Demuynck, M,, K,A, Rahn, M, Janssens, and R, Dams, *"Chemical
analysis of airborne particulate matter during a period of
unusually high pollution*, Atmos, Env,, 10, 21-26 (1976).
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Rann, K.A,, R.D. Borys, and R.,A., Duce, "Tropospheric halogen
gase?i iggrganic and organic components®, Science, 192, 549~ ;
50 (1976). :

Rahn, K.,A,, "Silicon and aluminum in atmospheric aerosols: crust- %
air fractionation?", Atmos, Env,, 10, 597-601 (1976). |

Rahn, K.A., "Systematic chemical differences between the
atmospheric aerosol and its deposition*,

] Jahreskongress 1
r der Gesellschaft fur Aerosolforschung e,V,, -17, October
15%%, Bad Soden (Ir.,, west Germany), 53-56 (1976),
Rahn, K,A,, "The chemical composition of the atmospheric aerosol®,
University of Rhode Island Technical Report (in preparation),

Rahn, K.A., R.D. Borys, and R,A, Duce, "Determination of inorganic %
and organic components of gaseous chlorine, bromine, and lodine 5
in the atmosphere”, to be presented at the WMO Technical :

i Conference on Atmospheric Pollution Measurement Techniques, !
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